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Abstract: Business firms prefer software-based smart manufacturing systems to monitor and 
supervise all production activities in a decentralized manner. The choice of software decides the 
degree of manufacturing robustness. This paper proposes a neutrosophic-based MARCOS 
(Measurement of Alternatives and Ranking according to COmpromise Solution) method of MCDM 
with single-valued triangular neutrosophic numbers to solve the software selection problem. The 
proposed neutrosophic method is applied to hypothetical data to test the efficacy of the method. The 
results obtained using the proposed method are compared with crisp, fuzzy, and intuitionistic data 
representations, and suitable inferences are acquired. The proposed method has several industrial 
implications and it has several scope of applying to other decision-making scenarios with real data 
sets. 
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1. Introduction 

The manufacturing system concerned with any business is twined with the complexities of 
planning, managing, executing, reviewing and redoing. The traditional system of governing the 
manufacturing process is manual based and presently it is getting replaced with digital channels of 
administration in this contemporary era. The business firms are embracing different technologies to 
govern their production activities. Software based system of managing the process of manufacturing 
is the highlight of smart manufacturing systems. The choice making of the software is based on 
several deciding factors. This decision making problem based on several criteria shall be solved using 
the techniques of decision making. 

Decision making is a process encompassing different decision making units of alternatives and 
criteria. The multi criteria decision making methods are generally applied both to determine the 
criterion weights and to rank the alternatives. The MCDM methods are broadly classified based on 
the number of alternatives, data types, hybrid nature and analysis. The two classifications based on 
the number of alternatives are multi-purpose and multi — qualified. The MCDM methods that fall 
under the multi-purpose category are vector optimization, goal programming, fuzzy based 
programming, dynamic programming, multi-stage programming, De nova programming and data 
envelopment analysis. The methods belonging to the multi-qualified category are AHP, ANP, 
TOPSIS, ELECTRE, PROMTHEE, DEMATEL. The three classifications of MCDM methods based on 
data types are Elementary, Unique synthesis criterion and outranking. This classification is also 
referred to as simple, original and distinguished methods. Hybrid MCDM methods evolve by 
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combining several MCDM methods and using different combinations of deterministic and fuzzy 
representations. Analysis based type of classification groups the MCDM methods into three 
categories of basic methods, single analytical and hybrid methods. The number of MCDM methods 
are ample and hence the decision makers must make a right choice of the methods suiting to the 
decision making circumstances. 

The objective of every decision making method is to derive an optimal ranking solution. The 
decision making data may not be deterministic in nature at all instances. The imprecise data are 
handled using fuzzy sets developed by Zadeh [1]. Atanassov [2] extended the fuzzy sets to 
intuitionistic sets encompassing both membership and non-membership values. Smarandache [3] 
developed neutrosophic theory, a comprehensive extension of both fuzzy and intuitionistic sets. 
Neutrosophic sets consist of three values of truth, indeterminate and falsity. The theory of 
neutrosophy is widely integrated with MCDM methods and is applied in different decision making 
fields such as engineering, supply chain, finance, supplier selection, agriculture and many others. 
Researchers have referred to Neutrosophic based MCDM as the best choice to handle complicated 
situations. As neutrosophic sets are more inclusive in nature, the constraints of data handling shall 
be easily tackled with time and energy efficiency. However this research work throws light on the 
applications of neutrosophic based MCDM in the areas of smart manufacturing. As the traditional 
systems are in a transitional state towards a new kind of technology oriented system, the business 
managers are forced to a crucial stage of making decisions on digital augmentation of production 
blocks. The business firms are also equally loaded with the pressures of switching to a new system of 
management. This baffling scenario certainly requires the intervention of decision making theory to 
set things upright. In align to the aforementioned, this paper intends to address the following queries: 


i. Domanufacturing sectors need MCDM method to make their production system smart? 
ii. | How MCDM methods shall assist the decision makers in choice making? 
iii. | How will the neutrosophic based MARCOS MCDM be effective in decision making in 
comparison to other data set representations? 
In response to the research queries stated, the contributions in this paper are as follows: 

e This research work focuses on a more intricate kind of decision making problem of software 
selection for a smart manufacturing system. 

e Resolves the decision making problem using the method of MARCOS with a single valued 
triangular neutrosophic number. 

e Compares the competency of the proposed moderation of Neutrosophic based MCDM with 


other earlier models. 


The remainder of the paper is organized as follows: section 2 presents the state of art of research 
works related to MARCOS MCDM under different environments. Section 3 sketches out the 
preliminaries of single valued triangular fuzzy numbers. Section 4 consists of the steps involved in 
neutrosophic based MARCOS. Section 4 applies the proposed method to make optimal selection of 
software in a smart manufacturing system. Section 5 compares the neutrosophic based results with 
crisp, fuzzy and intuitionistic results. Section 6 briefs the industrial applications, scope and future 
directions of the research work and the last section concludes the work. 


2. Literature Review 

This section presents the contributions of the researchers in the arena of decision making with 
special reference to 90the MCDM method of MARCOS under different environments of crisp, fuzzy, 
intuitionistic and neutrosophic. Stevic et al [4] developed the method of MARCOS in the year 2020. 


This new MCDM is applied first in health care industries especially in supplier selection. Researchers 
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Paradowski et al [5], Ghaleb et al [6] , Wang et al [7] have also compared the efficacy of this method 
with other MCDM methods and found that the results obtained using the method of MARCOS are 
more promising. The method of MARCOS is discussed with representations of fuzzy sets, 
intuitionistic sets and neutrosophic sets. In addition other kinds of extended fuzzy sets are also used 
in making representations. The applications of MARCOS method discussed under different 


environments and in various decision making circumstances are presented in the following Table 1. 


Table 1. Survey on MARCOS MCDM applications. 


ae a ae Integrated 

risp uzZzy ae : 

Author & Year (E)/Intuitionistic (IE) MCDM Decision Making problem 

/Neutrosophic (N) method 
7 Sustainable supplier 

Stevi¢ Z et al.,(2020) [4] C - selection in healthcare 
industries. 
Stackers selection in a 

Ulutas, A et al., (2020) [8] C CCSD-ITARA-- logistics system. 

1 24 Evaluation of human 
ee eee: C FUCOM- resources in a transport 
(2020).[9] company 
Chakraborty S et al .,(2020) Supplier selection in an 
[10] . pMeheo iron and steel industry 
Badi, IL, & Pamucar, D. ; Supplier selection for 
(2020). [11] + Grey Analysis | steelmaking company 

1 Evaluation of road sections 
previe 2 etal 2020) (12) PUCOM: in assessment of traffic risk 
Karabasevic, D., et al., Stackers Selection in a 
(2020)[13] . CCSD-ITARA~ | 7 ooistics System. 

- Selection of a distribution 
Dalic, I et al., (2020)[14] Cc FUCOM ehennel 
¥ Evaluation software of 
PuSka A etal., (2020) [15] Cc - project management 
Ozdagoglu A et al., (2020) Ranking of Turkish 
[16] Cc COCOSO universities 
Celik, E., & Gul, M. Dam construction and 
BW. 
(2021). [17] . M safety 
Zaher, M., & ElGhitany, N. C Platform selection in IoT 
E. K. (2021).[18] : healthcare industry 
EDAS, , 
TOPSI ee 
Trung, D. D. (2021).[19] C eee ea Milling process 
PIV 
Miskic¢, S et al.,(2021) [20] C SWARA Inventory classification 
; Performance of Sub- 
Boateng nb Shanice cn) Cc Entropy Saharan African (SSA) 
[21] railways 
Dwivedi“ Reral: Cc CRITIC Performance of steel 
industry 
(2021)[22] 
; Best-Worst Site selection for Offshore 
Deveci, M et al., (2021)[23] | C Method ia 
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Saha, A et al., (2021)[24] C FUCOM Dombi power aggregation 
FMEA 
Fan, J et al., (2021)[25] Cc ae rd: Prioritization of failures 
MARCOS 
AYGIN, E., & Talip, A. R. 
Social Devel t 
S. U. (2021).[26] Cc MEREC ocial Developmen 
; Tour Package 
parjay Net ahsQ021) 127] - DWM Recommendation in Bali 
Ozdagoglu A etal, Cc GREY Performance evaluation of 
(2021)[28] PIPRECIA ground operations agents 
. Market-oriented business 
Zhang, Z et al., (2022) [29] | C Bayestan.Dest regulatory risk of power 
worst method grid enterprises 
sil Improving emergency 
Memarpour Ghiaci, A et Cc : deparnonte dane 
al. (2022)[30] COVID-19 pandemic 
TOPSI 
Nguyen, H.Q (2022)[31] | C ee PMEDM process 
. Measuring sustainability 
Badi, L., et al., (2022) [32] Cc FUCOM performance indicators 
Mitra, A. (2022).[33] C - Cotton fibre selection 
Trung, D. D. (2022).[34] | C : Development of data 
normalization 
Varghese, B., & Karande, Cc AHP- ae gears and cutting 
P. (2022).[35] ulds 
Kang, D., et al., (2022)[36] | C : Peet sued PREIS 
: ; Determine the optimal 
Hehe ant ele es: Cc Bayesian BWM | lithium batterv plant 
et al., (2022)[37] located in South America 
Selecting the Best Schema 
Huy, T.Q et al., (2022)[58] | C - of Scissors Mechanism 
solar site location for 
Dehshiri, S. S. H., & C ; electricity and hydrogen 
Firoozabadi, B. (2022).[39] production( southern 
climate of Iran) 
IMF D- selection construction 
aa machinerv for sustainable 
Matic,et al., (2022)[40] Cc ade SGuetnictomobtosd 
rough - infrastructure. 
Huy, T. Q et al.,(2022)[41] - Wire-EDM Process 
Karaaslan, A et al., AHP Evaluation of renewable 
2022)[42 energy sources in Turke 
( )[42] sy in Turkey 
} Efficient and Sustainable 
ee ee Cc - Supplier Selection Strategy 
N (2022)[43] for SME 
Ivanovic, B et al., Selection of truck mixer 
(2022) [44] c MERE concrete pump 
as Prioritizing the alternatives 
Iordache, M et al., Cc Dombi EG ne HAHA Gaeta 
(2022)[45] MARCOS conversion to hydrogen 
Abdullah, A., et al., Healthcare performance 
Cc FUCOM management 
(2022)[46] g 
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Shanmugasundar, G et al., 


Optimization of Variable 


NSWOA Stiffness Joint in Robot 
(2022)[47] Manipulator 
Electrical discharge 
Biswal, S et al., (2023)[48] Taguchi machined Al-WC-B4C 
hybrid composite 
SARIGUL, S. S et al., MEREC and Evaluating Airport Service 
(2023)[49] CoCoSo Quality 
: Selecting renewable 
ca a cited al 7 desalination 
Different Engineering 
El-Araby, A. (2023).[51] - Applications 
Selection of peanut butter 
Toslak, M et al., (2023)[52] PSI-SV ee rer 
Hosseini Dehshiri, S. S et ; To identify dust storm 
al., (2023)[53] sources 
Bitarafan, M et al.,(2023) To identify man-made 
[54] rey BWM: threats to cities 
Son, N. H et al., (2023)[55] DOE Applications of MCDM 
Yadav, A. K., & Kumar, D. BWM Sustainable vaccine supply 
(2023).[56] chain 
Huskanovié¢, E., et al., CRITIC Selection forklift in internal 
(2023)[57] transport technology 
Financial Performance 
Se RE seen aly CRITIC Analvsis of Airlines 
(2023)[58] Operating in Europe 
Badi, L., et al., (2023)[59] BWM-AHP- Wind farm site selection 
Generalized Dombi 
Saha, A., et al., (2023)[60] - operator for decision- 
making 
: Sustainability to Determine 
Bykocals etal - the Optimum Recvcled 
(2023)[61] Fibre-Containing Fabric 
Failure mode and effect 
Boral Set al.,(2020)[62] fuzzy AHP 


analysis 


Stankovié Metal 
.(2020) [63] 


Road traffic risk analysis 


Mitrovic Simic Jet 


CRITIC-Fuzzy 


Safety evaluation of road 


al,(2020) [64] FUCOM-DEA _ | sections 
Kovaé, Met al., (2021)[65] Spherical fuzzy pene a city Ogistics 
5 Selection of sustainable 
PuSka, A et al.,(2021)[66] - suppliers 
Bakir, M et al.,(2021)[67] ae Aircraft selection 
Spherical Drone-Based City 
Kovac, M et al., (2021)[68] Fue Logistics Concepts 
Evaluation of e-service 
i Osada Fuzzy AHP qualitv in the airline 
(2021).[69] industry 
Buytikozkan, G et al., SWOT based Digital transform. ano 
strategv analysis in airline 
(2021)[70] fuzzy AHP industry 
Ali, J. (2021).[71] CRITIC Score function 
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Ne er Se aki. F = Ranking on Road Risk 
Sustainable supplier 
Ale chan F OPA - selection with technology 
(2022)[73] 4.0 evaluation 
Abualkishik, A. Z., et al., 7 Evaluating Smart 
(2022)[74] ° Agricultural Production 
‘ Regional distribution 
Du, P et al., (2022)[75] F Buzey, Po network outage loss 
worst assessment 
. Selecting the most suitable 
hose arch els F fuzzy FUCOM- | organizational structure for 
(2022)[76] hospitals 
Selecting a location for a 
Jamalud, D. (2022).[77] F DIBR heavy mechanized bridge. 
paren r (78) F SWARA Green supplier selection 
Kalig, R., et al., (2022)[79] F FUCOM Housing location problem 
Evaluation and selecting 
Rong, Y et al., (2022)[80] F - cold chain logistics 
distribution center 
Ucal Sari, I., & Sargin, S. 7 : Prioritization of R&D 
N. (2022).[81] Projects 
Locating a disinfection 
ened facilitv for hazardous 
Simic, V., et al., (2022)[82] F Fuzzy ITARA Iisalthca re aeasteaaathe 
COVID-19 
Wu, Pet al., (2022)[83] F AHP Given murine stateey 
selection 
Tedié, Det al., (2023)[84] | F sane Selection of a dump truck 
Fuzzy-Delphi, Evaluation of 31 provincial 
Zino, “chal (202) (23 x AEW, BWM level regions in China. 
Jafarzadeh Ghoushchi, S Road safety assessment 
et al., (2023)[86 F SWARA and risks prioritization 
, (2023)[86] P 
Occupational risk 
Wang, W et al., (2023)[87] | F - en eee 
Mishra, A. R et al., 7 solving the sustainable 
(2023)[88] ° circular supplier selection 
Performance-emission 
optimization in a single 
Tarafdar, A.,(2023)[89] F MCGDM ynadenCbeneine wih 
diesel hydrogen dual fuel: 
Gorciin, O. F., & Dogan, G. F BWM Mobile crane selection in 
(2023).[90] project logistics 
The supplier 
: performance evaluation of 
Li, G et al., (2023)[91] F : sports event service under 
COVID-19 
Assessment of Zero-Carbon 
Krishankumar, R., et al. Measures for Sustainable 
(2023)[92] F CRITIC Transportation in Smart 
Cities 
Chaurasiya, R., & Jain, D. Advances in Computing 
IF Entropy and Data Sciences 


(2021).[93] 
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Ecer, F., & Pamucar, D. COVID-19 pandemic 


IF 5 performance of insurance 
(2021).[94] companies 
sustainable supplier 
Salimian, S et al., selection in organ 
(2022)[95] VER. transplantation networks 


for healthcare devices 


Evaluation of 
crvptocurrencies for 


Ecer, F et al., (2022)[96] IF EDAS- investment decisions in the 

era of Industry 4.0: 
Zarhaoui, O., et al.,(2023) IF ; Green Supplier Selection 
[97] Problem 


Pamucar, D et Fuel vehicles for 


N FUCOM sustainable road 
al.,(2021)[98] transportation of US 
Cakir, Eet al, (2021)[99] | N : Se ee ee 
Tang, N et al., (2021)[100]_ | N - English teaching systems 
Hag, R. S. U et al. (2022) 0 Sustainable material 
[101] N MEREC selection 
Majumder, P et al., r Best Worst Efficiency analvsis of 

N surface water treatment 
(2023)[102] Method plants 

Determine the alternatives 
. weight and its applications 
Majumder, P. (2023).[103] N FUCOM SA GECI AVA auIISS OE 


water treatment plant. 


From the above presentation of the survey of MARCOS applications, it is found that the method 
of MARCOS is discussed under neutrosophic environment and single valued neutrosophic numbers 
are used in data representations. Also to the best of our knowledge the applications of neutrosophic 
MARCOS are limited and comparative analysis of neutrosophic MARCOS are not undertaken. This 
has motivated the authors to explore the method of MARCOS with single valued triangular 
neutrosophic numbers. In addition to it, the method of MARCOS is not applied to the decision 
making context of smart manufacturing. Hence this research work applies the method of MARCOS 
with single valued triangular neutrosophic numbers to the decision making problem of software 
selection for a smart manufacturing system. Also the results obtained using the proposed method are 


compared under different cases. 


3. Preliminaries 

This section presents the basics of neutrosophic set, neutrosophic numbers and operations. 
Definition 3.1. Let X be a universal set of discourse. A neutrosophic set A in X is defined by a truth- 
membership functionT, (x), an indeterminacy-membership function I,4(x) and a falsity-membership 
function F,(x), where Ty (x), I4(x) , Fa(x):X > [0,1] and Ty (x) + Iq(x) + Fa(x) $3. 
Definition 3.2. Let X be a universal set of discourse. A single valued neutrosophic set A over X is an 
object having the form A={(x, T(x), I4(x), Fa(x)):x € X}, where Ta(x), a(x) , Fa(x):X > [0,1] and 
Ta(x) + Ig (x) + Fa(x) $3. 
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Definition 3.3. Let ag@aBa,€ [0,1] and a,,az,az; €R such that a; <a, <a3. A single valued 
triangular neutrosophic number, a = ((a,, a2,43); @¢,94 Ba) is a special neutrosophic set on the real 


line set R,with truth-membership, indeterminacy-membership and falsity-membership functions are 


defined as follows: 


XT ay , 
Oy ifa, <x <a, 
az — ay 
= Ox ifx = a, 
= a3 —xX J 
Ox ifag <x <a; 
az — a2 
0 otherwise 


ap —-x+ 0,(x-—a 
ae) 2 a( W) ifa,; <x <a, 


(az — a1) 
6; ifx=a 
Ix = a 2 
a(®) (x — a2 + O3(a3 — x)) : 
a ifaz <<x<a; 
(a3 — az) 
1 otherwise 
ay —X+6s(k—a 
(a2 Ba( 1) Pie as 
(az — ay) 
5 ifx=a 
F; _ Ba I 2 
109 = 9 (ap + Balas —¥)) ee 
(a3 — az) e alle 
1 otherwise 


where aq, 0, and £3; denote the maximum truth-membership degree,minimum indeterminacy- 
membership degree and minimum falsity-membership degree respectively. A single valued 
triangular neutrosophic number @ = ((@,,@2, d3); @¢,9¢ Ba). 
Definition 3.4. Let 4 = ((a1,a2,a3); a3,05,B3,) and b= ((b;,b,b3); a5 05.B5,) be two single valued 
triangular neutrosophic numbers and y # 0 be any real number.Then, 

a+b = ((a, + by, a2 + bz, a3 + b3); agAag, 05V95, BavB5) 

4 — b = ((a; — bs, az — bg, a3 — by); agrag, 3V95, BavB5) 

{((a,b,,a2bz, a3b3); agAag, 853V95, BavB5)if(az > 0,b3 > 0) 


ab => ((ayb3, azbo, a3b,); AgAQZ, OsVO5, BaVB5)if(az < 0, bs > 0) 
((a3b3, aby, a,b, ); agAag, 85VO5, ByVB5)if(az < 0,b3 < 0) 
a, az ag : 
(2.2.2) ; Og Adg, 0;V85, BaVB5) if(a3 > 0,b; > 0) 
b; bz by 
a a3 az ay ; 
= = (Ri) ; Og Adg, 0;V85, BaVB5) if(a; < 0,b3 > 0) 
a3 az ay ; 
(22.2) :aanas, 8;V05,BsVBg) if(a; <0,b; <0) 
b; bz bs 
wie eee ag, 82, Ba ) if(y > 0) 
(Yaz, Yaz, Yaz); Ag, 85, Ba ) if (y < 0) 


=-1 = ((= nt ~) 505, 05, Bs) where (4 # 0) 


, , 
a3 a2 a4 
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Definition 3.5. Let 4 = ((a1,a2,a3); 43,93 B3,) be a single valued triangular neutrosophic number. The 
score value of 4 is defined as S(a) = = [a, +a, +a3] x (2 + ag — 05 — Bs). 


4. Methodology 
This section sketches out the steps involved in the method of Neutrosophic MARCOS. The below 


schematic gives a vivid presentation of deriving optimal ranking results. 


Formulation of the Decision making matrix with the decision 
making units of m alternatives and n criteria 


rary corn ere 


XN ace XNienn 


Determine the Anti-ideal solution (AAI) and Ideal solution (AI) 
from the above decision matrix 


Normalize the data 


xN xN 
For benefit criteria a , for cost criteria =~ 


Nai x! 


Weighted Normalized data G = [9;j lan 18 obtained by multiplying 
the criterion weights with the normalized matrix 


Find the utility degree of the alternatives (Sj), Anti-ideal solution 
(Ki*) and Ideal solution (Kr) 


Si= Dyn My /Kit= 4 Ki =— 


aai 


Find the function 


Ki-+Ki* 
, f(Ki) = rie (Kit) 1-f(Kt~) 


Ki Se: aie 


{(Ki*) = , f{Kr)= 


Ki-+Kit* +kit Ki~+Kit* +Kit 
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5. Application of the Proposed Method 

This section presents the application of the MARCOS MCDM with single valued triangular 
neutrosophic number representations. 
5.1 Problem Description 

Let us consider a decision making situation of a manufacturing firm dealing with the decision 
making on software selection. There are many consultancies that offer software services to the 
companies for making their administration smart and robust. The manufacturing firms are in need 
of augmenting technology interfaced management and hence installation of software is a necessary 
step towards building a smart manufacturing system. The decision making situation is developed 
with the decision making units of five alternatives and four criteria. 
5.2 Description of Decision Making Units 

The decision making units comprise five alternatives and four criteria. The alternatives are 

labelled as S1 52, S3, S4 and S5. These alternatives are different software services offered by five 
different consultancies. The criteria chosen are costs (C1), time (C2), integrity (C3) and versatility (C4). 
The criteria C1 and C2 are non-beneficial criteria whereas C3 and C4 are the beneficial criteria. 
The initial decision making matrix with single valued triangular neutrosophic numbers is 
represented in Table 2. 


Table 2. Initial decision making data. 


Alternative Cost in ten re Integrity in Versatility in 

af 4c Time in hours 
s/ Criteria thousands percentage percentage 
Type Min Min Max Max 
S1 {(5,7,9); 0.8,0.2,0.3) {(2,3,4); 0.9,0.1,0.1) — ((45,65,70); 0.7,0.3,0.4) — «(40,50,60); 0.6,0.1,0.3) 
$2 {(13,15,17); 0.7,0.3,0.3) — ¢(1,3,5); 0.8,0.1,0.3) — ((70,75,80); 0.5,0.1,0.1) —_ ((70,80,90); 0.6,0.1,0.1) 
S3 {(14,17,20); 0.4,0.1,0.7) — {(6,7,8); 0.5,0.2,0.6) — ((60,70,80); 0.6,0.1,0.5) | ((65,75,85); 0.8,0.1,0.4) 
S4 ((7,8,9); 0.9,0.1,0.2) ((1,2,3); 0.7,0.3,0.2) ((55,65,75); 0.6,0.1,0.2) — ((50,75,85); 0.7,0.2,0.2) 
S5 {(4,6,8); 0.6,0.3,0.1) ((2,4,6); 0.7,0.1,0.1) — ((50,75,85); 0.5,0.2,0.1)  {(75,85,95); 0.6,0.3,0.1) 


The anti-ideal solution and ideal solutions are obtained from the above initial data as in Table 3. The 
maximum value with respect to benefit criteria and minimum value with respect to cost criteria are 


considered as ideal solutions. Similarly the minimum value with respect to benefit criteria and 


maximum value with respect to cost criteria are considered as anti- ideal solutions. 


Table 3. Anti-ideal solution and Ideal solutions. 


Alternatives/ Cost in ten i base Integrity in Mepauliy 
eens Time in hours in 
Criteria thousands percentage 
percentage 
Type Min Min Max Max 
AAI ((14,17,20); 0.4,0.1,0.7)  ((6,7,8); 0.5,0.2,0.6) — ((45,65,70); 0.7,0.3,0.4)  ((40,50,60); 0.6,0.1,0.3) 
S1 ((5,7,9); 0.8,0.2,0.3) ((2,3,4); 0.9,0.1,0.1)  ((45,65,70); 0.7,0.3,0.4)  ((40,50,60); 0.6,0.1,0.3) 
$2 ((13,15,17); 0.7,0.3,0.3)  ((1,3,5); 0.8,0.1,0.3) _ ((70,75,80); 0.5,0.1,0.1) _ ((70,80,90); 0.6,0.1,0.1) 
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S3 ((14,17,20); 0.4,0.1,0.7) 
S4 ((7,8,9); 0.9,0.1,0.2) 
S5 ((4,6,8); 0.6,0.3,0.1) 
AI ((4,6,8); 0.6,0.3,0.1) 


((6,7,8); 0.5,0.2,0.6)  ((60,70,80); 0.6,0.1,0.5) 

((1,2,3); 0.7,0.3,0.2)  ((55,65,75); 0.6,0.1,0.2) 

((2,4,6);0.7,0.1,0.1)  ((50,75,85); 0.5,0.2,0.1) 
((1,2,3); 0.7,0.3,0.2)  ((70,75,80); 0.5,0.1,0.1) 


The above decision data set is dealt under different cases 


Case (i) Neutrosophic MARCOS with Equal criterion Weights 


The weighted normalized matrix is presented in Table 4. 


Table 4. Weighted Normalized Matrix. 


22 


((65,75,85); 0.8,0.1,0.4) 
((50,75,85); 0.7,0.2,0.2) 
((75,85,95); 0.6,0.3,0.1) 
((75,85,95); 0.6,0.3,0.1) 


Cost in ten Integrity in Vereau lity 
Alternatives/ Criteria Time in hours gry in 
thousands percentage 
percentage 
AAI 0.088235 0.071429 0.2 0.147059 
S1 0.214286 0.1 0.2 0.147059 
S2 0.107143 0.166667 0.25 0.235294 
S3 0.088235 0.071429 0.233333 0.220588 
S4 0.1875 0.25 0.216667 0.205882 
S5 0.25 0.125 0.233333 0.25 
AI 0.25 0.25 0.25 0.25 


The utility degree values of Saai, Si and Sai are obtained using and presented in Table 5. 


Table 5. Utility degree values. 


Alternatives Si 

AAI 0.506723 
S1 0.661345 
S2 0.759104 
S3 0.613585 
S4 0.860049 
S5 0.858333 
AI 1 


Using the steps V and VI ,the final ranking values are obtained and it is presented in Table 6. 


Table 6. Ranking values with equal criterion weights 


Alternatives | K- K+ f(K-) f(K+) f(Ki) Ranking 
S1 1.305141 | 0.661345 | 0.336308 | 0.663692 | 0.565051 4 
S2 1.498065 | 0.759104 | 0.336308 | 0.663692 | 0.648577 3 
S3 1.21089 | 0.613585 | 0.336308 | 0.663692 | 0.524246 5 
S4 1.697278 | 0.860049 | 0.336308 | 0.663692 | 0.734824 1 
s5 1.693892 | 0.858333 | 0.336308 | 0.663692 | 0.733358 2 


In the following cases the criterion weights are obtained using different methods 
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Case(ii) Neutrosophic MARCOS with CRITIC 
The criterion weights are obtained by using the method of CRITC (CRiteria Importance through 
Intercreteria Correlation) and it is presented in Table 7. 


Table 7. CRITIC criterion weights. 


Criteria |Criterion Weights 
Cl 0.35 
C2 0.21 
C3 0.24 
C4 0.20 


The final ranking values obtained integrating neutrosophic MARCOS with CRITIC are presented in 


Table 8. 


Table 8. Ranking values with CRITIC criterion weights. 


Alternatives | K- K+ f(K-) f(K+) f(Ki) Ranking 
S1 1.406489 | 0.661345 | 0.319825 | 0.680175 | 0.57489 4 
S2 1.456345 | 0.759104 | 0.342641 | 0.657359 | 0.644074 3 
S3 1.18416 | 0.613585 | 0.341308 | 0.658692 | 0.521378 5 
S4 1.7138 | 0.860049 | 0.334149 | 0.665851 | 0.73654 2 
S5 1.782323 | 0.858333 | 0.325045 | 0.674955 | 0.742159 1 


Case(iii) Neutrosophic MARCOS with SWARA 


The criterion weights are obtained by using the method of SWARA (Stepwise Weight Assessment 
Ratio Analysis) and it is presented in Table 9. 
Table 9. SWARA criterion weights. 


Criteria | Criterion Weights 
Cl 0.855 
C2 0.1425 
C3 0.0023 
C4 0.0042 


The final ranking values obtained integrating neutrosophic MARCOS with SWARA are presented in 
Table 10. 
Table 10. Ranking values with SWARA criterion weights. 


Alternatives K- K+ f(K-) f(K+) f(Ki) Ranking 
S1 2.290056 | 0.661345 | 0.224078 | 0.775922 | 0.621149 4 
S2 1.348603 | 0.759104 | 0.360156 | 0.639844 | 0.631153 3 
S3 1.004446 | 0.613585 | 0.379217 | 0.620783 | 0.498181 5 
S4 2.275738 | 0.860049 | 0.274269 | 0.725731 | 0.779276 2 
S5 2.689229 | 0.858333 | 0.24195 | 0.75805 | 0.796801 1 
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Case (IV) Neutrosophic MARCOS with SECA 
The criterion weights are obtained by using the method of SECA (Simultaneous evaluation of criteria 
and alternatives) and it is presented in Table 11. 


Table 11. SECA criterion weights. 


Criteria |Criterion Weights 
Cl 0.209 
C2 0.01 
C3 0.784 
C4 0.001 


The final ranking values obtained integrating neutrosophic MARCOS with SECA are presented in 
Table 12. 
Table 12. Ranking values with SECA criterion weights. 


Alternatives K- K+ f(K-) f(K+) f(Ki) Ranking 
S1 1.15122 | 0.661345 | 0.364867 | 0.635133 | 0.546744 4 
S2 1.250946 | 0.759104 | 0.377654 | 0.622346 | 0.617574 3 
S3 1.148816 | 0.613585 | 0.348153 | 0.651847 | 0.517379 5 
S4 1.202482 | 0.860049 | 0.416987 | 0.583013 | 0.662472 2 
S5 1.344009 | 0.858333 | 0.389737 | 0.610263 | 0.687271 1 


6. Discussions 


Table 13 presents the ranking results with equal and unequal criterion weights. The unequal 
criterion weights are obtained using the methods of CRITIC, SWARA and SECA. 


Table 13. Comparison of ranking score values. 


Ranking Score Values 
Alternatives Equal Unequal Weights 
Weights | CRITIC | SWARA SECA 

S1 0.565051 0.57489 | 0.621149 | 0.546744 
S2 0.648577 | 0.644074 | 0.631153 | 0.617574 
S3 0.524246 | 0.521378 | 0.498181 | 0.517379 
S4 0.734824 0.73654 | 0.779276 | 0.662472 
S5 0.733358 | 0.742159 | 0.796801 | 0.687271 


The below Figure 1 clearly explains the ranking of the alternatives with respect to different criterion 


weights. 
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Figure 1. Ranking of the alternatives. 
Table 14 presents the comparison of the ranking results of the alternatives 
Table 14. Comparison of ranking results. 
Ranking Results 
Alternatives Equal Unequal Weights 
Weights | CRITIC | SWARA | SECA 
$1 4 4 4 4 
S2 3 3 3 3 
S3 5 5 5 5 
S4 1 2 2 2 
S5 2 1 1 1 


The ranking frequencies of the alternatives are presented in the following Table 15. 


Table 15. Frequencies of the ranking results. 


Ranking Positions 
Alternatives 

I II Il IV Vv 
S1 2 - = 4 : 
S2 . - 4 : 2 
S3 - - - - 4 
S4 1 3 - - - 
S5 3 a - - - 


Nivetha Martin, Said Broumi, S.Sudha and R.Priya, Neutrosophic MARCOS in Decision Making on Smart Manufacturing 
System 


Neutrosophic Systems with Applications, Vol. 4, 2023 26 
An International Journal on Informatics, Decision Science, Intelligent Systems Applications 


Also the Ranking correlation coefficient is presented in Table 16 between the ranking results to 
determine the consistency of the results. 


Table 16. Correlational coefficient of the ranking results. 


MARCOS —Equal CRITIC = SWARA _ SECA 


with Weights 
Equal 
. 1 0.9 0.9 0.9 
Weights 
CRTIC 1 1 1 
SWARA 1 1 
SECA 1 


7. Industrial Implications 


As a result of recent technical advancements, the meteoric rise of artificial intelligence, and the 
progression of flexible industrial systems, the adoption of robots in the automobile manufacturing 
sector has experienced an enormous increase in their use in a variety of different operating 
mechanisms. 

The theory of decision making finds wide-ranging applications in industrial activities. Since 
business operations involve various decision-making stages, the use of Multi-Criteria Decision- 
Making (MCDM) techniques becomes crucial. In this context, the proposed neutrosophic MARCOS, 
which employs single-valued triangular neutrosophic numbers, emerges as a highly suitable 
approach for making optimal decisions in the creation of smart manufacturing systems. 

As industries often face complex production scenarios with multiple tasks, it becomes necessary 
to decentralize administrative patterns. This transition from manual-centered administration to 
technology-based organization inevitably involves software interventions. In such perplexing 
situations, the comprehensive nature of the neutrosophic-based MCDM method, MARCOS, proves 
to be exceptionally useful. 

The use of single-valued triangular neutrosophic numbers for data representation enhances its 


adaptability. This method's feasibility for industrial applications is supported by the following: 


i. The data representation is highly adaptable to various scenarios. 
ii. The results obtained are more convincing and reliable. 
iii. The method can be applied to any number of alternatives and criteria, making it versatile 


and practical for diverse decision-making situations in industries. 


8. Conclusion & Future Directions 

This research work proposes a neutrosophic based MARCOS MCDM with single valued 
triangular number. A survey on applications of MARCOS MCDM under different decision making 
environments is presented. An application with respect to software selection is presented in this work 
with hypothetical data. The comparative analysis with respect to different integrated MARCOS with 
other methods is also well articulated with suitable substantiation. In this research work the ranking 
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results are discussed under various cases especially with equal and unequal weights. The proposed 
neutrosophic based MCDM shall be extended with other various kinds of data representations. Also 
the method of MARCOS shall be integrated with other MCDM methods. 
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